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Description 

[0001 ] The invention relates to a process for removing 
polyamine chelating agents from aqueous solutions. 
[0002] Polyamine chelating compounds such as ED- s 
TA (ethylenediaminetetraacetic acid) and DTPA (dieth- 
yl enetriaminepentaacetic acid) are frequently used for 
binding heavy metals, e.g. for the bleaching process in 
the textile, paper and pulp industry, in graphic process- 
es, cleaning compositions, agriculture, polymer produc- io 
tion. leather industry, mining and oil industry and gas 
sweetening (sulphide removal). These chelating agents 
have a drawback in that they may not be discharged on- 
to surface waters, as they keep heavy metals dissolved 
and as they are themselves poorly biodegradable in f5 
common aerobic or anaerobic water treatment plants. 
[0003] It was found now that such polyamine chelat- 
ing agents can be degraded by reaction with a transition 
metal such as iron, and oxidation of the complex formed 
with oxygen, followed by reduction by denitrifying or sul- 20 
phate-reducing bacteria. The process according to the 
invention is defined in the appending claims. 
[0004] Transition metals that used to form a complex 
with the chelating agent Include iron, manganese, cop- 
per, zinc, nickel, aluminium, etc. For environmental and 25 
economical reasons iron is preferred. The metals are 
added in amounts which are about equivalent (or equi- 
molar if the chelate is a 1:1 chelate) with those of the 
chelating agents ("about" being understood here as ± 
40%, especially ± 20%). 30 
[0005] Examples of chelating agents are polyamines 
such as ethylenediamine. diethylenetriamine, triethyl- 
enetetraamine, hexamethylenetetraamine and 1.4,7-tri- 
azonane and their N-alkylated analogues, and especial- 
ly polyamines which contain one or more hydroxyme- 35 
thyl, hydroxyethyl groups, carboxymethyl and/or 
phosphonomethyl groups. Examples thereof are 
N-(2-hydroxyethyl)ethylenediamine-triacetic acid 
(HEDTA), EDTA, DTPA. propylenediaminetetraacetic 
acid (PDTA). iminodiacetic acid, nitrilotriacetic add 
(NTA), diethylenetriaminepentamethylenephosphonic 
acid (DTPMP). and salts thereof. 
[0006] The biological reduction usually requires an 
electron donor. Hydrogen may be used as an electron 
donor, but organic electron donors, for example metha- '^s 
nol. ethanol, fatty acids or organic waste may also be 
used. Degradation products of the carboxy-polyamines 
can also serve as electron donors. 
[0007] The biomass required for the biological reduc- 
tion contains known nitrate-reducing bacteria such as so 
the genera Pseudomonas, Hyphomicrobium, Bacillus, 
Paracoccus, Thiobacillus, Thiomicrospira, Thermotrix, 
Alcaligenes, Bradyrhizobium or Nitrosomonas, or sul- 
phate-reducing bacteria such as the genera Desulfovh 
brio, Desuffotomaculum, Desulfbmonas, Desulfblobus, 55 
Desutfbbacter, Desulfococcus, Desulfonema, Desul- 
fosarcina, Desulfobacterium or Desulfbromas. Other 
genera may be equally suitable. 



[0008] It is preferred that a semipermeable mem- 
brane capable of retaining the chelate in the system is 
used, so that the removal efficiency for the chelating 
agent is further increased. The membrane may be 
placed after the oxidation step or. preferably after the 
reduction step. Common inorganic or. preferably, poly- 
meric membrane materials may be used. 
[0009] The process of the Invention can be performed 
at atmospheric pressure, but also at reduced or in- 
creased pressure. The temperature will usually be be- 
tween 20 and 70*^C. but higher temperatures are feasi- 
ble when the appropriate extremophllic bacteria are 
used, such as those related to the genus Desulfbtom- 
aculum as disclosed in WO 98/02524. The pH of the 
process will be between 2 and 11, preferably between 
6 and 9. Oxygen can be added as such, or as air. 
[001 0] The process of the invention can be carried out 
in separate reactors or in a single reactor. For example, 
the process can be carried out in three stages as depict- 
ed in figure 1 . Reactor 1 of figure 1 is an oxidation reactor 
fed with waste water containing chelating agents (4), 
transition metal (5) and oxygen (6). in reactor (1), the 
chelating agents are complexed with metal and the com- 
plexes are degraded by oxygen. Reactor (2) is a biore- 
actor wherein the metal and the metal complexes issued 
from the oxidation reactor through (7) are biologically 
reduced. The reduced metal is retumed through (8) to 
the oxidation reactor (1 ). An electron donor may be fed 
through (9). Separator (3) separates the metal complex- 
es originating from the bioreactor through (10) from the 
purified waste water (12). The complexes are retumed 
through (11). Separator (3) may contain a membrane 
filtration unit and/or further separator units. A surplus of 
metals may be separated by settling or microfiltration 
and carried off through (13). The process can also be 
carried out in two stages, wherein either oxidation reac- 
tor (1) and bioreactor (2) of figure 1 are combined to a 
single reactor, or bioreactor (2) and membrane filtration 
unit (3) are combined to a single unit (membrane biore- 
actor). If a combined oxidation reactor/bioreactor is 
used, a reductive excess is maintained, e.g. by introduc- 
ing a limiting amount of oxygen with respect to the redox 
control. This ensures low oxygen levels in the bulk of 
the liquid and thus maintenance of the denitrifying/sul- 
phate-reducing bacteria. The process can also be car- 
ried out in a single installation wherein aeration, biolog- 
ical reduction and membrane filtration are combined. 

Example 

[0011] In a test facility consisting of an oxidation re- 
actor of 5 dm^ and a bioreactor of 5 dm^. a solution con- 
taining 15 g/dm3 of EDTA was degraded. An equimolar 
amount of iron was added. The solution was continu- 
ously recycled over the oxidation reactor and the biore- 
actor, with a flow of 5 dm^/h. The system was operated 
at a temperature of 50°C and a pH of 7. Ethanol was 
dosed as an electron donor. In two days the EDTA cen- 
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centration was reduced to 50%. 



Claims 
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1. A process for removing polyamtne chelating agents 
from aqueous solutions comprising oxidising the 
chelating agents with oxygen in the presence of an 
about equivalent amount of a transition metal fol- 
lowed by biologically reducing the chelates in the io 
presence of an electron donor. 

2. A process according to Claim 1 , in which the tran- 
sition metal is iron. 

IS 

3. A process according to Claim 1 or 2, in which the 
electron donor comprises hydrogen, methanol, eth- 
anol. fatty acids, a COD-containing stream, or a res- 
idue of the polyamtne chelating agent 

20 

4. A process according to any one of Claims 1 - 3, in 
which the biological reduction is carried out with 
denitrifying and/or sulphate-reducing t>acteria. 

5. A process according to any one of Claims 1 - 4. in 25 
which the oxidation and the biological reduction is 
carried out in the same reactor 

6. A process according to any one of Claims 1 - 5, in 
which the effluent from the oxidation step and/or the 30 
biological reduction step is passed through a sem- 
ipermeable membrane. 

7. A process according to Claim 6, in which the bio- 
logical reduction step is performed in a reactor 35 
equipped with a semipermeable membrane. 



Pate ntans prOche 

40 

1. Verfahren zur Entfemung von polyamin-chelatbil- 
denden Wirkstoffen aus wassrigen Ldsungen, um- 
fassend die Oxidierung der chelatbiidenden Wtrk- 
stoffe mit Sauerstoff in Anwesenheit ungefahr der 
Squivalenten Menge eines Ubergangsmetalls, ge- 45 
folgt von einer biologischen Reduktion der Chelate 

in Anwesenheit eines Elektrondonors. 

2. Verfahren nach Anspruch 1 . wobei das Qbergangs- 
metall Eisen ist. so 

3. Verfahren nach Anspruch 1 oder 2, wobei der Elek- 
trondonor Wasserstoff. Methanol, Ethanol, FettsSu- 
ren, einen COD enthaltenden Strom oder einen 
Rest eines polyamin-chelatbildenden Wirkstoffes 55 
umfallt. 

4. Verfahren nach einem der Anspruche 1 bis 3. wobei 



die biologische Reduktion mittels denitrifizierender 
und / Oder sulfat-reduzierender Bakterien durchge- 
fQhrt wird. 

5. Verfahren nach einem der AnsprOche 1 bis 4. wobei 
die Oxidation und die biologische Reduktion im sel- 
ben Reaktor durchgefuhrt werden. . 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei 
der AbfluH aus dem Oxidationsschritt und / oder 
dem biologischen Reduktionsschritt durch eine se- 
mipermeable Membran geleitet wird. 

7. Verfahren nach Anspruch 6. wobei der biologische 
Reduktionsschritt in einem Reaktor durchgefuhrt 
vwrd, der mit einer semipenneablen l^embran aus- 
gestattet ist. 



Revendications 

1 . Proc6d6 d'6limination d*agents de chelation S base 
de polyamines de solutions aqueuses comprenant 
I'oxydation des agents de chelation avec de Toxy- 
g6ne en presence d'une quantity environ dquiva- 
lente d'un m§tal de transition puis la reduction bio- 
logique des chelates en presence d'un donneur 
d'§lectrons. 

2. Proc6d§ selon la revendication 1, dans lequel le 
m6tal de transition est le fer. 

3. Proc6d6 selon la reverKJication 1 ou 2, dans lequel 
le donneur d'^lectrons comprend I'hydrog^ne. le 
methanol. I'^thanol, les actdes gras, un courant 
contenant une DCO (demande chimique en oxyge- 
ne). ou un rdsidu de Tagent de chelation d t>ase de 
polyamines. 

4. Proc6d6 selon I'une quelconque des revendications 
1 d 3, dans lequel la reduction biologique est effec- 
tu6e avec des bact^ries d6nitrifiantes et/ou reduc- 
trices de sulfater 

5. Proc6d^ selon I'une quelconque des revendications 
1 d 4, dans lequel I'oxydation et la reduction biolo- 
gique sont effectu6es dans le meme r^acteur. 

6. Proc6d6 selon I'une quelconque des revendications 
1 d 5. dans lequel t'effluent provenant de I'etape 
d'oxydaUon et/ou de I'etape de reduction biologique 
est pass6 d travers une membrane semi-permea- 
ble. 

7. Proc6d6 selon la revendication 6, dans lequel r§ta 
de reduction biologique est effectu^e dans un r^ac- 
teur 6quip6 d'une membrane semi-perm6able. 
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